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DESCRIPTION 

X-RAY IMAGE MAGNIFYING DEVICE 
Field of the Art 

The present invention relates to an X-ray image 
5 magnifying device capable of observing a sample by 

using an X-ray. 
Background Art 

An X-ray microscope which can observe a sample 
without treating the sample is conventionally used in 
10 a vital observation and a semiconductor inspection or 

the like. For instance, in an image forming X-ray 
microscope/ a sample is irradiated with an X-ray, and 
the X-ray image is enlarged and formed on a detector 
by an image forming optical system to observe the 
15 sample. 

A zone plate optical system (Japanese Published 
Unexamined Patent Application H9-251100 etc.) using a 
diffraction, and a Schwarzschild optical system 
(Japanese Published Unexamined Patent Application No. 
20 H6-300900 etc.) or the like obtained by coating 

multilayers having high reflectivity to an X-ray 
having a specific wavelength are used for the image 
forming optical system of the image forming X-ray 
microscope . 
25 Disclosure of the Invention 

Japanese Published Unexamined Patent 



2004$ 9817B 17^24^) SOEI PATET & LAW FIRM 



NO. 6228 P. 12/40 

FP03-0052-00 



Application No. H9-251100 discloses a soft X-ray 
microscope focusing by moving a detector in an 
optical axis direction and changing the distance 
between the detector and a zone plate type objective 
5 lens. However, the technique uses a zone plate 

having a high wavelength selectivity to change the 
focusing magnification, and thereby it is necessary 
to change the wavelength slightly. The loss of the 
light amount of the X-ray is large, monochromaticity 

10 is required, and it is necessary to use the 

synchrotron radiation. Additionally, it is necessary 
to move the sample and the detector when observing by 
using the different wavelength at the same 
magnification. Even when the Schwarzschild type 

15 objective lens is used, the wavelength for observing 

is decided. 

Japanese Published Unexamined Patent 

Application No. H6-300900 discloses a technique 
wherein after the image magnified by a Schwarzschild 

20 type multilayer mirror is transformed to the visible 

light by a fluorescent screen or the like, the image 
after being transformed is observed while the 
magnification is changed by a light microscope 
provided with a plurality of lenses from low 

25 magnification to high magnification. Since the 

technique uses the multilayer mirror, the wavelength 
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which can be observed is limited, and transformation 
of the image to a visible light once reduces work 
efficiency. 

Therefore, a grazing incidence mirror which has 
5 high use efficiency and has no wavelength selectivity 

is suitable for an optical element in a laboratory 
scale X-ray microscope. 

The present invention has been made to solve 
the above problems. It is an object of the present 
10 invention to provide an X-ray image magnifying device 

capable of changing an focusing magnification by 
using a grazing incidence mirror having no wavelength 
selectivity. 

In order to achieve the above object, the X-ray 
15 image magnifying device according to the present 

invention comprises: 

an illumination optical system for irradiating 
the X-ray emitted from an X-ray source to a sample; 

an objective lens configured by a grazing 
20 incidence mirror composed of a rotary hyperboloidal 

surface and a rotary ellipsoidal surface for 
magnifying and focusing the X-ray penetrating through 
the sample onto a predetermined position; 

an X-ray image detecting means for detecting 
25 the X-ray image focused by the objective lens; and 

a focusing magnification adjusting means for 
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adjusting the focusing magnification of the X-ray 
image by moving at least one of the X-ray image 
detecting means, the sample and the illumination 
optical system along the optical axis direction. 
5 Herein, the principle of the present invention 

will be described with reference to Fig. 1. The 
position on which a sample is placed is set to an 
object point O. A grazing incidence mirror W is 
composed of a rotary hyperboloidal surface and a 

10 rotary ellipsoidal surface of an objective lens. The 

position of the joining part and the position of the 
image-forming plane are respectively set to S and I. 
The distance between the object point O and the 
joining part S of the grazing incidence mirror is set 

15 to a. The distance between the position S and the 

position I is set to b. When the focal distance of 
the grazing incidence mirror and the focusing 
magnification are set to f and M, the following 
expressions hold. 

20 (1/a) + (1/b) =l/f • • • expression (1) 

b=aM • • • expression (2) 

Originally, the distances a and b are fixed 
values in the design of the grazing incidence mirror, 
and thereby the magnification . M also becomes a fixed 
25 value. However, ray tracing simulation confirmed 

that the image can be formed even if the distances a 
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and b are adjusted and the focusing magnification M 
is changed though the resolution is worsened. 

As one example, Fig. 2 shows the change 
(simulation result) in resolution when the 
5 magnification M is changed in the grazing incidence 

mirror designed as a distance a of 20mm, a distance b 
of 2000mm, and a magnification M of 100) . Fig. 2 
shows that the grazing incidence mirror has the 
highest resolution when the design magnification M is 

10 100, and the image is formed though the grazing 

incidence mirror has low resolution even when the 
design magnification M is* other magnifications. The 
mirror can be used for magnifications of 60 to 300 
when the resolution is permitted up to 0.05ym. At 

15 this time, the distance a is within the range of 20.1 

to 19.9mm, and the distance b is within the range of 
1200mm to 6000mm. Since high-resolution is not 
really required when the sample exploration is a main 
objective in observation on the side of low 

20 magnification, even a resolution of about 30 times 

can sufficiently be used. 

Therefore, if the distances a and b can be 
changed within the range mentioned above, the 
focusing magnification can be changed without 

25 exchanging the grazing incidence mirror. 

The X-ray image magnifying device of the 
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present invention wherein the grazing incidence 
mirror is used as the objective lens has the 
following advantages in comparison with conventional 
examples using the zone plate optical system and the 
5 Schwarzschild type multilayer mirror. 

That is, it is not necessary to make the X-ray 
illuminated with a single wavelength, and the 
configuration of the illumination optical system is 
simple in comparison with the conventional example 

10 using the zone plate optical system as the objective 

lens. The values of the distances a and b are not 
changed since the value f is not changed if the X-ray 
wavelength is changed at the same magnification, and 
the use efficiency of the X-ray is high. The 

15 wavelength which can be observed is not limited to 

the single wavelength in comparison with the 
conventional example using the Schwarzschild type 
multilayer mirror as the objective lens, and the 
sample can be observed in a broad wavelength region. 

20 The X-ray image magnifying device according to 

the present invention, may further comprise; a light 
irradiation means for irradiating the sample with a 
visible light or an ultraviolet light; and a light 
detecting means for detecting the image by the light 

25 which penetrates through the sample and is reflected 

by the objective lens. Thus, the X-ray image 
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magnifying device has an advantage in that it is easy 
to treat and observe the device in comparison with 
using only the X-ray, and thereby radiation damage of 
the sample is reduced . 
5 Brief Description of the Drawings 

Fig. 1 is an illustration for explaining the 
principle of the present invention. 

Fig. 2 shows the change in resolution when the 
magnification is changed in a grazing incidence 
10 mirror. 

Fig. 3 is a sectional view showing the 
schematic configuration of an X-ray microscope 
according to a first embodiment. 

Fig. 4 shows an example of a moving mechanism 
15 of an X-ray detector. 

Fig. 5 is an illustration for explaining an 
operation when observing at a low magnification. 

Fig. 6 is an illustration for explaining an 
operation when observing at a high magnification. 
20 Fig. 7 is a sectional view showing the 

schematic configuration of an X-ray microscope 
according to a second embodiment. 

Fig. 8 shows the arrangement of an illumination 
optical system. 
25 Best Mode for Carrying out the Invention 

Hereinafter, the preferred embodiment of the 
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present invention will be described in detail with 
reference to the drawings. In the description of the 
drawings, identical components are designated by the 
same reference numerals, and overlapping description 
5 is omitted. The measurement ratio of the drawings 

does not necessarily correspond to that of the 
description ♦ 

[First embodiment] 

Fig. 3 is a sectional view showing the 

10 schematic configuration of an X-ray microscope 

according to the first embodiment of the present 
invention. A device shown in Fig. 1 comprises an X- 
ray source 1, a filter 2, a grazing incidence mirror 
3 for illumination which utilizes total reflection 

15 and has the form of a rotary ellipsoidal surface, a 

sample 4, a grazing incidence mirror 5 composed of a 
rotary hyperboloidal surface and a rotary ellipsoidal 
surface of an objective lens, an X-ray detector 6. 
For instance, a gas puff type plasma X-ray source is 

20 used as the X-ray source 1. 

The operation of the X-ray microscope according 
to the first embodiment will be explained with 
reference to Fig. 3. The X-ray generated from the 
gas puff type plasma X-ray source 1 is limited to the 

25 wavelength area of the observed X-ray by the filter 2, 

and the sample 4 is irradiated with a limited X-ray 
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by the grazing incidence mirror 3 for illumination. 
The X-ray penetrating through the sample 4 is made 
incident on the grazing incidence mirror 5, and the 
X-ray image magnified is detected on the light 
5 sensitive surface of the X-ray detector 6. When the 

magnification rate is changed, the distance b between 
the grazing incidence mirror 5 and the detector 6 is 
adjusted by moving the X-ray detector 6 along the 
optical axis direction of an arrow Q so as to attain. 

10 a desired magnification. The sample 4 is then moved 

in the optical axis direction of an arrow P by a 
moving mechanism (not shown) so as to be focused 
while viewing the image detected by the X-ray 
detector 6, and the distance a between the sample 4 

15 and the grazing incidence mirror 5 is adjusted. The 

X-ray detector 6 may be moved so as to be focused 
after the sample 4 is moved. Finally, the grazing 
incidence mirror 3 for "illumination is moved so as to 
obtain the optimum illumination. 

20 Fig. 8 shows the arrangement of an illumination 

optical system. "0" and "I" are respectively a light 
source and a light focus point (the image of the 
light source O) , and the expression (1) holds. If 
the position of the sample 4 shown in Fig. 3 is 

25 decided, the grazing incidence mirror 3 for 

illumination is moved such that the position of the 
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sample 4 corresponds to that of the light focus point 
I. 

At this time, the sample 4 shown in Fig. 3 and 
the grazing incidence mirror 3 for illumination can 
5 be moved several millimeters along the optical axis 

direction of the arrow P, and it is necessary that 
the X-ray detector 6 has a mechanism capable of being 
moved several meters. When a soft X-ray having a 
relatively long wavelength of lnm or more is used as 

10 the X-ray, the X-ray having the wavelength of the 

area is markedly absorbed in air, and thereby it is 
necessary to keep the optical path thereof a vacuum. 
The grazing incidence mirror 3, the sample 4, the 
grazing incidence mirror 5, and the X-ray detector 6 

15 are set in a vacuum vessel. Therefore, the work 

efficiency is improved if the grazing incidence 
mirror 3, the sample 4, the grazing incidence mirror 
5 and the X-ray detector 6 can be moved from the 
outside of the vacuum vessel. Only the sample 4 can 

20 be set in air. 

Since the moving ranges of the sample 4, the 
grazing incidence mirror 3, and the grazing incidence 
mirror 5 are several millimeters and small, the 
moving mechanisms can be composed of a commercially 

25 available moving stage and a manipulator or the like. 

On the other hand, the moving mechanism of the X-ray 
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detector 6 can be moved in a large range of about 
several meters by using vacuum bellows 14 shown in 
Fig. 4. The vacuum bellows 14 are connected by 
vacuum flanges 12a, 12b and vacuum pipes 11. The 
5 vacuum flange 12a is connected to the vacuum pipe 

having the grazing incidence mirror 5 shown in Fig. 3, 
and the vacuum flange 12b is connected to the vacuum 
flange 15 connected to the X-ray detector 6. 
Supports 16 are respectively attached to the vacuum 

10 pipes 11 and the vacuum flanges 12a and 12b, and 

holes penetrated by a bolt 17 are respectively formed 
on the end of the supports. Nuts 13a-13d for fixing 
the bolt 17 in the longitudinal direction are mounted 
on the ends of the supports of the vacuum flanges 12a 

15 and 12b. When the position of the X-ray detector 6 

is adjusted, the length of the vacuum bellows 14 is 
fixed by loosening the nuts 13c and 13d, expanding 
and contracting the vacuum bellows 14 to adjust to a 
target length, and tightening the nuts 13c and 13d 

20 again. 

Next, specific operations will be described 
with reference to Fig. 5 and Fig. 6. Herein, as an 
example, in the expressions (1) and (2), the design 
magnification M, the distance a between the sample 4 
25 and the grazing incidence mirror 5, and the distance 

b between the grazing incidence mirror 5 and the X- 
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ray detector 6 are respectively set to 100, 20mm, and 
2000mm. The sample is observed at about 4 0 times on 
the side of low magnification, and the sample is 
observed at about 200 times on the side of high 
5 magnification- The position and inclination or the 

like of the grazing incidence mirror 3 for 
illumination, the sample 4, and the grazing incidence 
mirror 5 can be independently adjusted by the moving 
stages 7, 8 and 9. 

10 When observing at low magnification (for 

instance, magnification M=about 40 times), the 
distance a between the sample 4 and the grazing 
incidence mirror 5 is adjusted by shortening vacuum 
bellows 14 of the vacuum pipe 10 with the bellows 

15 such that the distance b between the grazing 

incidence mirror 5 and the X-ray detector 6 is set to 
about 8 00mm as shown in Fig. 5, and moving the sample 
4 by the moving stage 8 so as to be focused while the 
image of the X-ray detector 6 is observed. The 

20 grazing incidence mirror 3 for illumination is moved 

by the moving stage 7 so as to obtain the optimum 
illumination. 

On the other hand, when observing at high 
magnification (for instance, magnification M=about 

25 200 times), the distance a between the sample 4 and 

the grazing incidence mirror 5 is adjusted by 
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extending vacuum bellows 14 of the vacuum pipe 10 
with the bellows such that the distance b between the 
grazing incidence mirror 5 and the X-ray detector 6 
is about 4000mm as shown in Fig. 6, and moving the 
5 sample 4 by the moving stage 8 so as to be focused 

while the image of the X-ray detector 6 is observed. 
The grazing incidence mirror 3 for illumination is 
moved by the moving stage 7 so as to obtain the 
optimum illumination. 

10 In the first embodiment, the focusing 

magnification can be changed without exchanging the 
grazing incidence mirror 5 by adjusting the distance 
a between the sample 4 and the grazing e incidence 
mirror 5, and the distance b between grazing 

15 incidence mirror 5 and the X-ray detector 6 in an X- 

ray microscope which uses the grazing incidence 
mirror 5 as an objective lens. 

The method for moving the grazing incidence 
mirrors 3 and 5, the sample 4, and the X-ray detector 

20 6 is not limited to the method. Various 

modifications and transformations can be added to a 
device having a mechanism which can move them to a 
target position. 

[Second Embodiment] 

25 Next, a second embodiment according to the 

present invention will be described with reference to 
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Fig. 7. In the second embodiment, observation of low 
magnification for the sample exploration is easily 
performed by a visible light or the like. 

As shown in Fig. 7, the X-ray detector of the 
5 second embodiment has a visible light source 21, 

mirrors 22 and 23 capable of being inserted and 
retracted in an optical path, liner motion 
feedthroughs 25 and 2 6 driving an inserting operation 
and a retracting operation in the directions of the 

10 arrows R and S of the mirrors, and a detector 24 

having sensitivity to visible light in addition to 
the configuration of the first embodiment. In Fig. 7, 
the mirrors 22a and 23a indicated by solid lines show 
the state where the mirrors 22a and 23a are retracted 

15 from the optical path, and the mirrors 22b and 23b 

indicated by broken lines show the state where the 
mirrors 22b and 23b are inserted in the optical path. 

Herein, as an example, in the expressions (1) 
and (2), the design magnification M, the distance a 

20 between the sample 4 and the grazing incidence mirror 

5, and the distance b between the grazing incidence 
mirror 5 and the X-ray detector 6 are respectively 
set to 100, 20mm, and 2000mm. 

The mirrors 22a and 23a are respectively 

25 inserted to the positions 22b and 23b on the optical 

axis by driving the liner motion feedthroughs 25 and 
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26 in the observation of the low magnification (for 
instance, magnification M=about 40 times) by the 
visible light for the sample exploration. Next, the 
visible light source 21 is turned on. The visible 
5 light is reflected by the mirror 22, and sample 4 is 

irradiated by the grazing incidence mirror 3 for 
illumination. The visible light penetrating through 
the sample 4 is reflected by the grazing incidence 
mirror 5. The visible light reflected is then 
10 reflected by the mirror 23, and is made incident to 

the detector 24. The distance between the grazing 
incidence mirror 5 and the detector 24 through the 
mirror 23 is set to about 800mm. The distance a 
between the sample 4 and the grazing incidence mirror 
15 5 is adjusted by moving the sample 4 by the moving 

stage 8 so as to be focused while viewing the image 
detected by the detector 24, and the grazing 
incidence mirror 3 for illumination is moved in the 
optical axis direction by the moving stage 7 so as to 
20 obtain the optimum illumination. The same effect for 

illumination can be achieved even if the visible 
light source 21 is moved in the optical axis 
direction. 

The mirrors 22 and 23 are respectively 
25 retracted to the positions 22a and 23a by the liner 

motion feedthroughs 25 and 2 6 ■ when observing in 
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detail at high magnification by using the X-ray after 
the desired position of the sample 4 is explored. 
The distance b between the grazing incidence mirror 5 
and the X-ray detector 6 is set to about 2000mm when 
5 the magnification M is about 100 times. The X-ray 

detector 6 is moved such that the distance b between 
the grazing incidence mirror 5 and the X-ray detector 
6 is about 4 000mm when the magnification M is about 
200 times. The distance a between the sample 4 and 

10 the grazing incidence mirror 5 is adjusted by 

irradiating the X-ray from the X-ray source 1, and 
moving the sample 4 by the moving stage 8 so as to be 
focused while observing the image in the X-ray 
detector 6, and the grazing incidence mirror 3 for 

15 illumination is moved in the optical axis direction 

by the moving stage 7 so as to obtain the optimum 
illumination. 

Since the visible light is also used in 
addition to the X-ray according to the second 

20 embodiment, it is easy to treat and observe in 

comparison with using only the X-ray. The radiation 
damage of the sample can be reduced since the visible 
light is used. In addition, since the sample is 
observed on only the side of high magnification by 

25 the X-ray, the moving distance of the X-ray detector 

6 can be reduced. 



16 



20041 9^1 78 mm SOEI PATET 4 LAW FIRM NO. 6228 P. 27/40 

FP03-0052-00 



In the present invention, various variations 
can be made. For instance, in the observation of 
high magnification of the example, the X-ray detector 
6 is moved by the vacuum pipes 10 with the bellows to 
5 adjust the magnification. When it is not necessary 

to adjust the magnification on the side of high 
magnification, the position of the X-ray detector 6 
may be fixed by the pipe having a fixed length 
without using the pipes 10 with the bellows. In this 

10 case, the grazing incidence mirror 3 for illumination 

is set at the position in which the optimum 
illumination is achieved in the observation of high 
magnification. When the position of the visible 
light source 21 is set at the position in which the 

15 optimum illumination is achieved by the expression 

(1) in the observation of low magnification using the 
visible light, it is not necessary to adjust the 
illumination light at high magnification and low 
magnification, and the sample can be observed by the 

20 simpler procedure. 

An ultraviolet rays light source may be used in 
place of the visible light source. In this case, 
mirrors for ultraviolet ray are used for the mirrors 
22 and 23, and a detector having sensitivity to 

25 ultraviolet rays is used for the detector 24. 

Another X-ray light "source (X-ray irradiation 
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means) than the X-ray source 1 may be set at the 
position of the visible light source 21. In this 
case, a multilayer mirror is used for the mirror 22 
(a first X-ray reflection means) and the mirror 23 (a 
5 second X-ray reflection means), and a detector (an X- 

ray detecting means) having sensitivity to the X-ray 
is used for the detector 24. According to the 
configuration, two X-ray images having different 
magnifications can be obtained without moving the X- 
10 ray detector 6 by using the vacuum pipes 10 with the 

bellows . 

In addition, various transformations and 
modifications can be made in the first and second 
embodiments. For instance, a laser plasma X-ray 

15 source or synchrotron radiation besides the gas puff 

type plasma X-ray source as an X-ray source may be 
used. Though the grazing incidence mirror 3 for 
illumination which utilizes total reflection and has 
the form of a rotary ellipsoidal surface is used for 

20 the illumination optical system, an grazing incidence 

mirror having a rotary hyperboloidal surface and a 
rotary ellipsoidal surface may be used. 

As described above, according to the invention, 
in the X-ray image magnifying device which uses the 

25 surface incidence mirror as the objective lens, the 

focusing magnification can be changed without 
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exchanging the grazing incidence mirror by changing 
the distance between the sample and the grazing 
incidence mirror, and the distance between the 
grazing incidence mirror and the detector. 
5 In addition, the X-ray image magnifying device 

of the present invention wherein the surface 
incidence mirror is used as the objective lens has 
the following three advantages in comparison with 
using the zone plate optical system. It is not 

10 necessary to make the X-ray illuminated with a single 

wavelength, and the simplified configuration of the 
illumination optical system can be achieved in 
comparison with the conventional example using the 
zone plate optical system. The movement of the 

15 sample and the detector is not required since the 

focal distance f is not changed if the X-ray 
wavelength is changed in the same magnification and 
the use efficiency of the X-ray is high. The 
wavelength which can be observed is not limited to 

20 the single wavelength in comparison with using the 

Schwarzschild type multilayer mirror, and the X-ray 
image magnifying device can observe in a broad 
wavelength region (within the range of the visible 
light to the X-ray) . 

25 Industrial Applicability 

The X-ray image magnifying device of the 
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present invention is applicable to a vital 
observation device and a semiconductor inspection 
device or the like. 
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